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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Alloy Steels and Special Steels Sectional Gornmittee, had been approved by the Metallurgical Engineering 
Division Council. 

Schedules for wrought steels for general engineering purposes ( IS 1570 : 1961 ) was first published in 
1961. On the basis of the experience gained in the production and use of steels, the Sectional Committee 
has decided to revise the standard and issue it in parts. The other parts of the standard are as follows: 

Part 1 Steels specified by tensile and/or yield properties 

Part 2 Carbon steels ( Unalloyed steels ) 

Part 3 Carbon and carbon manganese free cutting steels 

Part 4 Alloy steels ( excluding stainless and heat-resisting steels ) 

Part 5 Stainless and heat-resisting steels 

Part 6 Tool steels 

This schedule does not give limits for sulphur and phosphorus. These have to be specified in the detailed 
specifications. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance 
with IS 2 : 1960 *Rules for rounding off numerical values ( revised )\ The number of significant places 
retained in the rounded off value should be the same as tliat of the specified value in this standard. 
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SCHEDULE FOR WROUGHT STEELS 

PART 7 STEELS FOR ELEVATED TEMPERATURE SERVICE 
( CREEP RESISTANT STEELS } 



1 SCOPE 

1.1 This Schedule ( Part 7 ) covers the technical 
requirements and informations for wrought 
carbon, low alloy and high alloy steels for elevated 
temperature applications used for the construction 
of steam and water boilers, pressure vessels, 
turbines, water and steam pipe line as well as 
other power generating plants. They arc delivered 
as strips, sheets, plates, pipe lines, forgings and 
forged, rolled or drawn bars as well as blooms and 
billets. 

2 GENERAL 

2.1 While preparing Indian Standards, or revising 
the existing standards, steels listed in this schedule 
shall be selected. The specification of mechanical 
properties different from those given in this 
schedule should not be made unless special condi- 
tions of service render this essential. In that event, 
full reasons for the proposed departure from the 
steels specified in this schedule shall be submitted 
to the Alloy Steels and Special Steels Sectional 
Committee, MTD 16 and its approval obtained. 

2^2 The ladle analysis of the steels is given in 
Table 1 . These steels have an mcreased resistance 



to creep due to their alloy contents. The permis- 
sible deviations between analysis and product 
analysis are given in Table 2 and the heat treat- 
ment schedule is given in Table 5. 

2.3 These steels are suitable for hot working and 
cold foiming operations and they may generally 
be welded by the usual welding processes. The 
hot working characteristics of austenitic steels 
should be noted. 

2.4 In addition to defining the composition 
limits^ the specified mechanical properties appli- 
cable to the different conditions are included. 
Table 3 gives the mechanical properties at room 
temperature and Table 4 gives proof stress at 
elevated temperature. Table 6 ( for guidance 
only ) include the data for steels for average creep 
stresses for 1 % elongation and rupture stresses for 
10 000, 30 000, 51000, 100 000, 150 000,200 000 
and 250 000 h. 

2.5 The specified mechanical properties are appli- 
cable to test samples taken from a standard 
location which should be included in the specifi- 
cation. 



Table 1 Type of Steel, Chemical Composition and Typical Forms 

( Clause 2.2 ) 



w 



U1 









Type of Steel 








Chemical Gotnposidony wt 


.% 








G 


Si 


Mn 


P 
Max 


s 

Max 


Gr 


Mo 


Ni 


V 


{!) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(3) 


(10) 


1) Fe360H 


20 Max 


0*10 to 
0-35 


0-40 to 
T20 


0*03 


0*03 


0-25 Max 


0'\0 Max 


0'30 Max 


-- 


2) Fe410H 


0-20 Max 


010 to 
0-35 


0'50 to 
i*30 


0*03 


0-03 


0-25 Max 


0-10 Max 


0-30 Max 


" 


3) 12C7H 


0' 17 Max 


0-10 to 
0-35 


0-40 to 
100 


0045 


0*045 


0-^5 Max 


— 


0-35 Max 


— - 


4) i8Ci0H 


0-15 to 
0-22 


0-10 to 
0-35 


0-60 to 
1-40 


0045 


0-045 


— 


— 


0*35 Max 


- 


5) i6Mo3H 


0M2 to 

0-20 


OMO to 
0-35 


0-40 to 
0-80 


0*04 


0*04 


0-30 Max 


0-25 to 
0-35 


0*35 Max 


'~~ 


6) J5Mo6H 


O'lO to 
0*20 


010 to 
0-50 


0'30 to 
0-80 


0-045 


0*045 


— 


0-44 to 
65 


— 


— 


7) IOM06H 


0'\5 Max 


0-50 to 
TOO 


0-30 to 
0-60 


0-030 


0*030 


i-00 to 
1-50 


OMf) to 
0-60 


— 


— 


8) 20Mo5H 


0M5 to 
0-25 


OMO to 
0-35 


0*90 to 
1-40 


0*04 


0-04 


0-30 Max 


0-4(J to 
0*60 


0-30 Max 


~ 


9) l2Cr4Mo5H 


OiO to 
0-18 


0' 10 to 
0-35 


0-40 to 
0-70 


0*040 


0-70 to 
1-10 


0-45 to 
0-65 


— 


— 


— 


10) 12Cr2Mo5V2H 


OMO to 
018 


OMO to 
0-35 


0*40 to 
0-70 


0*040 


0*30 to 
0*60 


0*50 to 
0*70 


— 


0*22 to 
0-32 


— 


11) 12Cr9MolOH 


0*08 to 
0-15 


OMO to 
0=50 


0*30 to 
070 


0*040 


0-040 


1*90 to 
2*60 


0'90 to 
1*15 


— 


— 


12) 10Cr36MolOH 


0'\5Max 


0*25 to 
i'O 


0*30 to 
0-60 


0-040 


0*030 


800 to 

10*00 


0-90 to 
IMO 


— 


— 


13) 40CrMoH 


0-35 to 
0*45 


OMO to 
0-35 


0-40 to 
OvO 


0-035 


0*035 


1-00 to 
1*50 


0*50 to 
0-80 


— 


— 


14) 2lCrMoVH 


0-17 to 
0-25 


0-40 Max 


0-40 to 
0-80 


0-030 


0*030 


1-2 to 
1-50 


0*65 to 
080 


0*60 Max 


0*25 to 
0*35 


15) 40CrMoVH 


0-86 to 
0-44 


010 to 
0*35 


0-45 to 
0*85 


0*030 


0*03 


0-9 to 
1*2 


0*55 to 
0*75 


— 


0-25 to 
0*35 


16j 20CrMoVTi 
BH 


0-17 to 
0-24 


0-35 Max 


0-5 Max 


0-03 


0*03 


0*90 to 
1-40 


0-8 to 
1-10 


0*50 Max 


0'7 to 


17) 25Cr2MoVH 


0-20 to 
0-30 


0-20 to 
0-50 


0-30 to 
0*60 


0*030 


0-025 


i*5 to 

1-80 


0*90 to 
1*20 


0*40 Max 


20 to 
0*30 


IB) 20Cr2MoVH 


0'20 to 
0-30 


0'20 to 
0-50 


0-30 to 
OGO 


0*030 


0-030 


1-5 to 
1-80 


0*60 to 
0-80 


0*40 Max 


0*20 to 
0*30 


19) 12Crl3H 


009 to 
0-15 


100 Max 


TOO Max 


0*040 


0-030 


ll'S to 
14-00 


— 


TOO Max 


— 



Typical Forsi 



W 



(M) 



Others 

(12) 

Cu 

0-30 Max 

Cu 

O'jO Max 

Cu 

0-30 Max 

Cu 

0-30 Max 
Cu 

0*30 Max 
Ai met 
002 Max 



(13) 
Plates 

Plates 

Seamless pipes 
and pipes 

with seam 
do 

Seamless pipes 
bars Torgings 
steel plates 



Cu 

0*30 Max 
Al met 
0*02 Max 


Steel piatis 


Al met 
0*02 Max 
seam 


Seamless pipes 
and pipes 
with plates 


Al met 

0*02 Max 


Seamless pipe* 
plates 


Al met 
0*02 Max 


Seamless pipes 
bars, forgings 


Almet 
0*02 Max 


Seamless pipes 


— 


Bar, forging 


— 


do 


— 


do 


Ti 0*05 
to 0M2 
B 0-005 


Bars, forgings 


Cu 

0*30 Max 


Forgings 


Cu 

0-30 Max 


Bars, forgings 


_ 


Bar, forging 



Table 1 ( concluded ) 



Kii 



Type of Steel 








P S Cr 


wt. % 
Mo 










Typical Form 






G 


Si 


Mn 


Ni 


V 


W 


Others 












Max 


Max 


















(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(iO) 


(H) 


(12) 


(13) 




20) l2Crl2MoH 


0-08 to 
0*16 


0-60 Max 


0-40 to 
TOO 


0-040 


0-035 


11-5 to 
13-00 


0-40 to 
0*80 


1-0 Max 


— 


— 


— 


Bar, forging 




21) 12Crl2MoVH 


0-08 to 
0-16 


(smMax 


0*40 to 
TOO 


0-040 


0-035 


11*5 to 
13-00 


0-40 to 
0-80 


1*0 Max 


0-10 to 
0-30 


— 


— 


Bar, forging 




22) 12Grl2Ni2Mo 


0-08 to 


0-35 Max 


0-50 to 


0040 


0-030 


iro to 


1-5 to 


2*0 to 


0*25 to 


— 


NO-02 


Bar, forging 






16 




0-90 






12*5 


2-00 


3-0 


0-40 




to 0-04 


plate 




23) 20Grl2MoNi 


0-17 to 


0*50 Max 


TOO Max 


0-040 


0*030 


ll-O to 


0-7 to 


0-30 to 


0-20 to 


— 


— 


Bar, forging 




VH 


0-23 










12-50 


1-20 


1-00 


0-35 






seamless 




24) 20CrNiMoNb 


0-16 to 


OMO to 


0*3 to 


0040 to 


0-030 to 


10 to 12 


0-5 to 


0-3 to 


0-1 to 


^_ 


B 0*008 Max 


Bar forging 




VH 


0-24 


VH 


0-24 


0-50 


i-oo 




ro 


TOO 


0-30 




Mn. 10 
Af<wNbO-2 
to 0-50 






25) 7Crl8NilOH 


0-04 to 
010 


0-75 Max 


2-00 Max 


0-045 


0-030 


17-00 to 
20-00 


~~' 


8-00 to 
12-00 


"""' 


"•" 


■~~ 


Seamless tubes, 
plates bars, 
forgings 




26) SCrlBNillH 


0030 Max 


1-OOAfflx 


2'00 Max 


0-045 


0-030 


17-00 to 
19 00 


__ 


9*00 to 
13-00 


— 


^- 


— 


Plates, forgings 
seamless tubes 




27) 6Crl7Nil2 


008 Max 


rOO Max 


200 Max 


0-045 


0030 


16-00 to 


2-00 to 


10-00 to 





— 


— 


Seamless pipes, 




Mo2H 












18-00 


3*00 


1400 








barSj forgings 
plates 




28) 3Crl7Nil2Mo 


0-050 Max 


XmMax 


2-00 Max 


0-045 


0-030 


16-00 to 


2-00 to 


1000 to 


— 


^_ 


— 


Plates, seamless 




3H 












18-00 


3*00 


14-00 








tubes 




29) 7Crl9Nill 


0*04 to 


0-20 to 


2-00 Max 


0*045 


0-030 


1700 to 


,— 


9-00 to 





. 


Ti>4xc< 


Seamless pipes. 




TiH 


0*10 


0-80 








20-00 




13*00 






0*60 


bars forgings 




30) 7Cr]8Nill 


004 to 


0-75 Max 


2-00 Max 


0-045 


0-030 


17-00 to 





9-00 to 








Nb + Ta> 


Seamless pipes. 




NbH 


OMO 










1900 




13-00 






10xc<l-00 


bars, forgings, 
plates 




31) IlCrl7Ni 


0-07 to 


V^Max 


1-00 Max 


0-045 


0-030 


15-5 to 


— 


12-00 to 


— 


2-5 to 


Ti > 4xc 


Seamless pipes. 


0» 


13W3TiH 


0*15 










17-50 
00-006 


forgings 


14*50 




3-5 


<0*80 B 
0-000 6 Max 


bars forgings 


3 


32) 6Ni25Crl5Ti 


0*03 to 


TOO Max 


2-00 Max 


0-045 


0-030 


13-5 to 


1*00 to 


24-00 to 


— 


OMO to Ti 1*9 to 


Bars forgings. 


e 


2MoVBH 


0-08 










16-00 


1-50 


27*00 




0*50 


2-30 
Al met 
0*35 Max 
B 0-003 to 
0-010 


Seamless pipe 


1 


Element not quoted 


in this table : 


shall not be intentionally added to the steel without the agreement of the 


purchaser, other than 


for the 


puroose of finishinsr the heat. 


•* 


All reasonable precautions shall be taken to prevent the addition, from 


scrap or other materials used in manufacture, of such elements which effect the hardenabilitv 




mechanical properties and applicability. 






















1& 
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Table 2 Permissible Deviation BetM^een Specified Analysis and Product Analysis 

( Clause 2A ) 



Element 



Permissible Deviations* 



Cup to 0-25 
C above 0*25 
Si up to I'O 
Mn up to 2*0 
P up to 0*05 
S up to 0'05 
Cr up to 1 

Above I up to 2'5 

Above 2*5 up to lO'OO 

Above 10*0 
Ni up to 1 

Above 1 up to 2*5 

Above lO'O 
Mo up 10 1 

Above 1 
V 
Cu 
Al 
Nb 
W 



±0-02 
±0-03 
±0-05 
±0-05 
+ 0-005 
+ 0005 
+ 0-03 
±0-05 
±0M0 
±0-15 
+ 0-03 
±005 
±0-10 
+ 0-03 
±0*05 
±0-02 
±0-02 
± 0-005 
± 0-005 
+ 0-10 



♦The deviationsj other than when maximum or minimum only are specified, apply either above or below the 
specified limits of the range but not both above and below for the same element from sample products from the same 
cast. 
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Table 3 Mechanical Properties at Room. Temperature 

( Clause 2.4 ) 



Type Product 


Heati) 


Thickness 


Hardness^) 


RpO-23) 


Rm4) 


% 


A6) 


Bend^> 


of 




Treatment 




mm 


RB 


Min 


MPa 


Min 


KV«) 


Test 


Bend?) 




/ 


■ — * , 




MP a 


1 


^ , 




Max 


D 


Steel 




Over 


Up to and 






Min 


Max 




J 


Max 










Including 
















(I) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(U) 


(12) 


1 


Plate 


N 


3 

16 

40 

63 

100 


16 
40 
63 
100 
150 




205 
195 
185 
175 
170 


360 


480 


26 
26 
25 
24 
24 




0-5 a 


2 


Plate 

Qpadrangular 
seamiest pipe 


N 


3 

16 

40 

63 

100 


16 

40 

63 

100 

150 




225 
215 
205 
200 
195 


410 


520 


24 
24 
23 
22 
22 




2a 


3 


Seamless pipe 
and pipe with 
seam 


N 


*■" 


""" 


_ 


215 


360 


480 


24 


— 


4a 


4 


Seamless pipe 
and pipe with 
seam 


HFaN 


"■^ 


— _ 


— 


265 


460 


580 


22 


^^ 


4a 


5 


Seamless pipes, 
steel plates 


N,N+T 


3 

16 
40 
63 


16 
40 
63 
100 




260 

250 

250 

Notes 


440 


590 


24 
24 
23 

22 




3a 




Bars, forgings 


0,+ T 


— 


— 


— 


250 


440 


5?0 


17 






6 


Tubes 


N + T 


— 


— 


__ 


205 


380 


— 


22 


— 


— 


7 


Tubes 


N + T 


— 


_ 


— 


205 


415 


— 


30. 


— 


— 


8 


Steel plates 


N + T 


3 
16 
40 
63 


16 
40 
63 
100 




355 

345 

345 

Note 8 


510 


660 


21 
21 
20 
19 




3a 


9 


Pipes 


N + T 


— 


— 





275 


440 


590 


22 


^_ 


_ 




Plates 


N + T 


3 


16 




305 






20 












16 


40 




305 


470 


620 


20 





3a 








40 


63 




305 






19 












63 


100 




Notes 






18 








Bars, 
























forgings 


N + T 


— 


— 


255 


410 


560 


— 


18 


«. 


— 






Q+T 


— 


— 


— 


375 


540 


690 


15 


— 


— 


10 


Pipes 


N + T 


— 


— 





275 


460 


610 


15 










Plates 


N + T 


3 


16 


, — 


285 


















16 


40 




285 


460 


610 


19 


— 


3-5 a. 








40 


63 




285 


















63 


100 




Note 8 














Bars, 


N + T 






















forgings 


Q+T 


— 


— 


— 


275 


460 


610 


16 


— 


— 


11 


Pipes 


A 


— 


— 


— 


135 


410 


560 


200 





— 






N+T 


— 


— 


— 


275 


490 


640 


16 


— 


. — 




Bars, forgings 


M + T 


— 


— 


— 


275 


490 


640 


16 





— 






Q+T 


— 


— 


— 


335 


540 


690 


15 


_ 


— 


12 


Pipes 


A 


— 


— 


— 


135 


410 


560 


20 


— 


— 






N+T 


— 


— 


^- 


390 


590 


740 


18 


— 


— 


13 


Bars, forgings 


Q+T 


— 


200 


— 


635 


850 


1000 


14 


30 


— 


14 


Bars, 
forgings 


a+T 


— 


250 


205-250 


550 


700 


850 


16 


63 


— 


15 


Bars, 


Q+T 


— 


100 


— 


700 


850 


1000 


14 


30 


— 




forgings 




100 


200 




635 


800 


950 


14 


25 


— 


16 


Bars, 
forgings 


Q+T 


— 


200 


241-269 


680-780 


800 


— 


15 


— 


— 


17 


Forgings of tur- 
bine shafts 


N + T 


•~" 


900 


At the 
average 
200 
do 


420 


630 


— 


16 


— 


— 








— 


— 


500 


630 


— 


16 


— 


— 


18 


Bars, 


Q+ T 


— 







550 


700 


850 


17 










forgings 


N+T 


— 


600 


220 


450 


650 




16 


— 


— 



IS 1570 ( Part 7 ) t 1992 



Table 3 ( concluded ) 



Type Product 

Bead?) 
Steel 


HeatD 
Treatment 


Thlckuess 
ttun 

* -*- , 

Over Up to and 
Including 


Hardness*) 
RB 


Min 
MPa 


MPa 

, * , 

Min Max 


Min 


A») 
KV«) 
Max 

J 


Beiul?) 
Test 

D 

Max 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


19 


Bars, forgings 
plates 


A 


0-5 


160 
^5 


— 


265 


470 


670 


20 


60 


— 




Bars, forgings 


Q+T 


0*5 


160 

25 


175-235 


420 


590 


780 


16 


40 


— 


t20 


Bars, forgings 


QH-T 


— 


75 


> 192 


490 


680 


880 


20 


— 


— 


21 


Bars, forgings 


a+T 


— 


150 


— 


585 


770 


930 


15 


25 


— 


22 


Bars, forgings 

plates 


Q+T 


0-5 


150 
6 


285-331 
280-330 


785 
785 


930 
930 


1 130 
1 130 


14 
lO 


40 


» 


23 


Bars, forgings 
Seamless pipe 


a+ Tj 


— 


250 

250 


255-280 

265-310 


590 

700 


780 
900 


930 
1 050 


14 
11 


27 
20 


— 


24 


Bars, forgings 


Ct+T 


— 


250 


26^310 


750 


900 


1050 


10 


20 


— 


25 


Tubes, forgings 
plates 


Q 


40 


40 
63 


— 


195 
195 


490 
490 


690 
690 


30 
50 
45 


— 


— 


26 


Tubes, forgings 

plates 


Q 


"3 
30 


30 
50 


— 


175 
175 


490 
440 


690 
640 


30 
50 
45 


— 


— 


27 


Pipes, bars 
forgings plates 


Q 


3 

40 


40 
63 


^ 


205 
205 
205 


510 
490 


710 
690 


30 
40 
35 


— 


— 


J!8 


Tubes, plates 


a 


1 

40 


40 
63 


— ■ 


185 
185 


490 
440 


690 
640 


30 

45 

400 


— 


— 


29 


Pipes 
bars, forgings 


8' 


— 


— 


— 


155 
195 


490 
510 


690 
710 


30 
30 


— 


— 


30 


Pipes, 

bars, forgings 
plates 


Q 


"3 

40 


40 
63 


E 


205 
205 
205 


510 
490 


710 
690 


30 
40 
35 


— 


— 


31 


Bars, forgings 
pipes 


hot cold 

worked 

S + P 


— 


60 
100 


175-235 


390 
220 


600 
500 


800 
730 


25 
35 


55 

70 


: 


32 


Bars, forgings 
pipes 
plates 


S + P 


5 
0-5 


250 
63 


248-341 


600 


900 


IKK) 


15 


40 


— 


1) A = Annealed, N 


»> normalised, Q » 


quenched, T 


«- tempered. 


S «« solution treated, P« 


B precipitation 


hardened. 



HF ~ hot finished 
') In case of dispute, the tensile suength value is deciding. 
») Rp 0-2 = 0'2 % proof stress. 

4) Rm ~ tensile strength. 

5) A>» elongation after fracture. In case, of bars the values are valid for test pieces with a gauge length of Lo » 5-65 
'V^S^C So <» original cross*sectional area ). In the case of flat products, the values are valid for both test pieces 
either of 20 mm width and 80 mm gauge length or of 12*5 width and 50 mm gauge length. 

0) Average of three test results. One individual value may be below the specified value provided if it is not less than 

70% of that value. 
7) KV = impact energy of V-notch test pieces. 

^^ Dmax ^ maximum diameter of mandrel, a — thickness of test piece. 
*>) For thickness > 63 mm but < 100 mm, the value specified for the thickness range > 40 mm but < 63 mm are 

lowered by 1% for each 5 mm thickness over 63 mm. 



fable 4 Proo# Stress at Elevated f emperatores ( for Guidance Only ) 

{ Qause 2.4 ) 



Type 

of 

Steel 



(I) 
1 



Product 



(2) 



Plate 



Plate 



Heati) 
Treatment 



Thickness 



(3) 



N 



N 



3 


Seamless pipes and 


HF, N 




pipe with seam 




4 


Seamless pipes and 
pipe with seam 


HF,N 


5 


Seamless pipes. 


N.N + T 




bars, forgings steel 
plates 


Q+T 


6 


Tubes 


N + T 


7 


Tubes 


N + T 


8 


Steel plates 


N + T 


9 


Pipes 


N + T 




Plates 


N + T, 




Bars, forgings 


N+T, Q+T 


10 


Pipes, plates. 


N+T,N+T 




Bars, forgings 


N+T, Q+T 


U 


Pipes, bars, 


A 




forgings 


N + T, 
N+T,Q,+T 


12 


Pipes 


A 

N + T 


13 


Bars, forgings 


Q+T 


14 


Bars, forgings 


Q.+ T 


15 


Bars, forgings 


Q+T, 


16 


Bars, forgings 


Q+T 


17 


Forgings 


N + T 


18 


Bars, forgings 


N + T 



Over 

(4) 

3 
16 
40 
63 

3 
16 

40 

63 



100 



19 Bars, forgings plates A 

Bars, forgings plates Q, + T 



Up to and 
Including 

(5) 
16 
40 
63 
100 

16 
40 

63 

100 

40 

40 



Rp 0*2 Mitt in MPa at Temperature ''G 

«, *- ■ - - 



100 150 200 250 300 350 



(6> 



187 
234 
237 



(7) 
172 
169 
158 
148 

200 
192 

182 

170 

176 



(8) 
168 
162 
152 
144 
195 
185 

175 
166 
165 



(9) 
150 
144 
141 
136 
174 
165 

162 
157 
145 



(10) 

124 

124 

124 

124 

145 
145 

145 

145 

122 



(11) 
117 
117 
117 
117 
137 
137 

137 
137 
111 



400 

(12) 
115 
115 
115 

115 

133 
133 

133 

133 

109 



450 500 550 600 650 700 



750 



800 



(13) (14) (15) (16) (17) (18) (19) (20) 



107 



223 212 195 177 162 159 156 

232 218 200 167 153 148 143 139 



lack of data 



40 


240 


230 


220 


210 


183 


169 


164 


161 


156 


151 


146 


60 


270 


259 


248 


237 


116 


203 


199 


194 


188 


181 


174 


— 


210 


200 


192 


180 


150 


135 


130 


127 


124 


120 


117 


— 


259 


248 


235 


218 


192 


184 


177 


168 


155 


148 


135 


— 


108 


99 


92 


85 


80 


76 


72 


69 


66 






— 


261 


253 


245 


236 


230 


224 


218 


205 


189 


167 


145 


— 


98 


88 


79 


78 


77 


76 


75 


74 


71 






— 


363 


348 


334 


330 


326 


322 


316 


311 


290 


235 




— 


630 




610 




575 




525 


490 


450 






— 


530 




500 




460 




410 


380 


350 






— 


670 




635 




598 




540 


500 


460 


403 




— 


630 




615 




580 




525 


480 


435 













lack of data 
















900 






330 


350 


340 


330 


320 











— 






460 


440 


420 


400 


370 


330 








100 






500 


480 


460 


440 


410 


380 


350 






500 








tobei 


agreed 


upon 












__ 


235 




240 




225 




205 


195 


185 


175 




__ 


410 




380 




345 




305 


285 


— 


— 





CO 



*4 






to 













Table 4 ( 


concluded ) 


















"^r 


Pfoduct 


Heati) 
Treatment 


Thickness 
mm 










Rp 0-2 Mia in MPa at 1 


renxpeTatuf e ' 

500 550 


G 

600 


650 




Stee! 


loo 


150 


200 


250 


300 


350 


400 


450 


700 750 




Over Up to and 
Including 




(I) 


(2) 


(3) 


(4) (5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(U) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) (19 


20 


Bars, forgings 


Q+T 


— — 


480 




450 




410 




380 


360 


330 


— 








2i 


Bars, forgings 


Q+T 


— — 


575 




555 




535 




510 


480 


450 


„ 








22 


Bars, forgings plates 


Q+ T 


— — 


680 




655 




650 




610 


560 


505 


400 


250 






23 


Bars, forgings 


Cl+Ti 


— — 


560 




530 




480 




420 


380 


335 


280 


205 








Seamless pipes 


a-f T, 


„ — 


650 




600 




550 




485 


440 


390 


330 


250 






24 


Bars, forgings 


Q+T 


— — 


730 




700 




655 




580 


530 


470 


400 


315 






25 


Tubes, forgings, 
plates 


Q 


— — 


132 


120 


109 


100 


93 


87 


84 


81 


79 


78 


76 






26 


Tubes, forgings, 
plates 

Pipes plates 
bars forgings 


Q 


— — 




lack of data 






















27 


CL 


— — 


155 


144 


132 


121 


113 


107 


101 


89 


95 


92 


90 


89 


88 


28 


Tubes, plates 


Q 


— — 




lack of data 






















29 


Pipes bars. 


Qi 


— — 


107 


103 


97 


94 


90 


85 


80 


76 


74 


73 


72 


71 


70 




forgings 


Q. 


— __ 


148 


144 


139 


134 


130 


124 


119 


114 


111 


107 


104 


101 


99 


30 


Pipes bars, 
forgings, plates 


Q 


— — 


171 


162 


153 


149 


139 


133 


129 


125 


123 


122 


120 






31 


Pipes bars, 
forgings 


Hot cold 
worked 

S + P 


I I 


383 
2!0 




373 
195 




324 
176 




275 
157 


250 
155 


226 
152 


197 
143 


167 
137 






32 


Pipes, bars, 
forgings, plates 


S + P 


— — 


590 




570 




555 




535 


520 


510 


490 


465 


425 


375 305 


i> A 


— annealed, N — normalised, Q, — quenched, T = tempered, 


, S ^ Solution, 


P = precipitation hardened. 

















800 



(20) 



en 



--1 









225 



Table 5 Heat Treatment^) 

( Clause 2.2 ) 



Type 

of 

Steel 



(1) 
1 



3 

and 

4 



Heat 
Treat- 
ment 
Sym- 
bols^) 



(2) 

N 



Normalisation 



Tempering 



Tenipe- 
rature °C 



N 



(3) 
900-930 

890-920 



Time of 
Holding 
at Tempe- 
rature 



Cooling^) 



(4) 

1 to 2 min 
per I mm 

Thickness of 
plate but not 
less than 20 
min 



(5) 

In quiet 
air 

In quiet 
air 



Tempe- 
rature 



(6) 



HF, N 880-940 1 to 2 min In quiet 
per 1 mm air 
thickness of 
pipe wall but 
not less than 
20 min 



Time of 
Holding 
at Tem- 
perature 



(7) 



Stress Relief of 

Annealing or 

Tempering after 

Bending or 

Welding 

Tempp- Time of 
rature Holdins; 
^C Trmpel 

rature 



Quenching and Tempering 

— A 

Qiienching Tempering'* 



Tempe- 
rature 



(8) 



t/)) 



600-650 2 min per 
I mm 

6O0-G50 Thickness of 
pia^e but 
not less 
than 30 min 

600-650 2 min per 
1 mm 

600-650 Thickness of 
pipe wall 
but not Ipss 
ilian 15 min 



(10) 



Cooling 



(11) 



Tempe- 
rature 



(12) 



Time of 
Holding 
at Tem- 
perature 



(13) 



6 
7 
8 



N 900-940 1 to 2 min 

per 1 mm 
thickness of 
forging or 
pipe wall but 
not less than 
20 min 



In quiet 
air 



N 4- T 880-930 



1 to 2 min In quiet 
per 1 mm_ air 
thickness of 
plate but not 
less than 20 
min 



600-650 1-5 to 2 m.in 600-650 
per 1 min 
thickness of 
pipe wall 



600-650 1 to 3 min 600-650 
per 1 min 
thickness 
but not less 
than 15 min 



do 



900-940 



2 min per 
! m.m. thick- 
ness but not 
less than 15 
min 



N + T 900-960 1 to 2 min 
per i mm 
thickness of 
forging or 

pipe wall but 
uot less than 
'^0 niip 



In quiet 

air 



640-720 1 to 3 min 660-710 2 min per 

per 1 mm i mm thick- 

tfiickncss ness but not 

but not h 33 less than 15 

than 15 min min 



Oil 

or 

water 



600-(i50 — 



900-930 



Oil 
or 

Wiltci 



620-720 



Vi 






^ 
P 

t 



^ 
^ 
NS 











Table 5 ( condui 


ded) 










Type 


Heat 


N< 


»]rmaHsation 


Tempering 


Stress Relief of 


Quenching and Tempering 


of 


Treat- 


t '— 


— ^ , 


^ ^ -^ 


Annealing or 


* ■ 


X.. 


— . 


— ^ 


Steel 


ment 


Tempe- 


Time of CooIiiigS) 


Tempe- Time of 


Tempering 


Quenching 


Tempering**) 




Sym- 


rature '^C 


Holding at 


rature Holding 


after Bending 


^ A.- 


^ 


^ A ^ 




bols«) 




Tempera- 


°G at Tem- 


or Welding 


Tempe- 


Cooling 


Tempe- 


Time of 








ture 


perature 


Tempe- Time of 
rature Holding 
°C Tempe- 
rature 


rature 




rature 
^0 


Holding 
at Tem- 
perature 


(1) 


(2) 


(3) 


(4) (5) 


(6) (7) 


(8) (9) 


(10) 


(11) 


(12) 


(13) 


10 


N + T 


930-980 I 


to 2 min For pipes 


670-720 min 3 h 


680-740 — 


975-1 000 


Oil 


730-750 






12 



o 
p 






Q.+ T 



per 1 mm 
thickness of 
forging or 
pipe wall 
but not less 
than 20 min 



N + 



T 900-960 
T 



I to 2 min 
per 1 mm 
thickness of 
forging or 
pipe wall 
but not less 
than 20 min 



850-950 1 to 2 min Air 



N + T 900-1 000 



per 1 mm 
thickness of 
forging or 
pipe wall 
but not less 
than 20 min 



13 


Q+T 




14 


Q+T 


900-950 


15 


Q.+ T* 
0,4- T* 


.^ 


16 


Q+ T 


— 


17 


N + T 


940-970 


18 


N + T 


970-990 


19 


A 
Ci+ T 


700-780 



m quite 
air, for 
forgings 
of 50 mm 
thickness 
in quiet 
air, above 
50 to 100 
in compres- 
sed air and 
above 100 
mm in oil 

do 650-7aO 



700-800 



Air 



Qijiet air 690-760 
Qiiiet air 680-700 
Air — 



1 to 3 min 

per I mm 

thickness 

but not less 

than 15 min 



730-700 2 min per 
1 mm thick- 
ness but not 
less than 15 
min 



1 to 3 min 760-820 
per I mm 
thickness 
but not loss 
than 15 min 



2 min per 
1 mm thick- 
ness but not 
less than 15 



380-680 — 



480-650 — 



930-1 030 



840-870 
920-980 



880-950 
940-970 



Oil 

or 

water 



Oil 

Air 
Oil 

Oil 

Oil 



870-900 

950-1 000 Air, 
Oil 



650-760 



600-700 
680-740 

670-720 
600-700 



min 2 h 



Oil 600-700 min 2 h 
700-750 min 2 h 



20 


Q+ T 


21 


d+T 


22 


Q+T 


23 


Q+ Tl 




Q+ T2 


24 


Q+T 


25 


Q 


26 


Q 


27 


Q 


28 


Q 


29 


Ql 

Q2 


aa 


Q 


31 


Hot cold 
worked 
at about 


32 


S + P 


33 


S + P 



740-780 — 

740-780 — 



970-1 020 
I 050 ± 10 

1 035-1 065 
1 020-1 070 

1 020-1 070 
1 100*1 150 

980-1 100 

950-1 100 

1 lOO-i 100 

850-1 100 

1 070=1 140 
950-1 070 
950-1 100 



I 100-1 150 



980 ± 10 



Oil 

Air, 
oU 

Oil 

Air, 

oil, 

water 

do 



650-750 
650-700 

600-700 
680-740 

640-700 
670-750 



min 2 h 



inin 2 h 

min 2 h 
min 2 h 



Air, 
Oil 

Oil, — 

air^ water 

Air, — 

water oil 

Air, — 

(rapidly) 
oil. Water 

Air, water — 

oil 

do — 

do — 

Air, water — 
oil 



Air, 750-800 — 
water 

Oil, 720 i: 10 — 
water 



*Q, + T, would apply to sizes up to 100 mm, Q, + T« to sizes above 100 up to 200 mm, 

li Escept incases where test samples are to bs reference beat treated, the indicatiGns in this table are for guidance only. 

«> A « annealed, N » normalised, P •« precipitation hardened, Q,« quenched, S = solution treated, T = tempered. 

«> If a stress relief treatment is necessary, the stress relief temperature should be at least SO^'C lowar than the tempering temperature. 



8 



8 



*9 

5 



1^ 



Table 6 Stress Ituptare Properties at £levate<t Temperatures ( For Guidance Only ) 



en 























( iaiau 


se z.i 


; 
























§ 


Typ« Heat Time 












Estimated Average Stress for Rupture*), 


. MPa, 


> Temperature "*€ 












r 


Steel men 


It 


380 


390 


400 


410 


420 


430 


440 


450 


460 


470 


480 


490 


500 


510 


520 


530 


540 i 


550 


560 


570 


58o' 


590 600 


Symbol 














































^ 


(1) (2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(H) 


(12) 


(13) 


(14) 


(15) 


(16; 


(17) 


(18) , 


(19) 


(20) (21) 


(22) 


(23) 


(24) 


(25) (26) 


i 


1 N 


10 000 


213 


197 


lai 


166 


151 


138 


125 


112 


100 


89 


78 


67 


57 




















and 


30 000 


192 


176 


181 


!47 


133 


120 


107 


95 


84 


73 


63 


52* 


42* 






















2 


50 000 


183* 


167 


152 


138 


125 


112 


100 


88 


77 


66 


50* 


40* 


35* 
























100 000 


171* 


155* 


141* 


127*^ 


114* 


102* 


90* 


78* 


67* 


57* 


47* 


36* 


























150 000 


164* 


149* 


134* 


121* 


108* 


96* 


84* 


73* 


62* 


52* 


41* 


29* 


























200 000 


159* 


144* 


130* 


116* 


104* 


92* 


80* 


69* 


50* 


48* 


37* 


23* 


























250 000 


155* 


140* 


126* 


113* 


iOl* 


89* 


77* 


66* 


55* 


45* 


34* 


























3 N 


10000 


221 


201 


181 


164 


148 


132 


118 


104 


91 


78 


68 


59 


51 
























30 (XH) 


192 


175 


157 


140 


124 


108 


94 


81 


70 


68 


51* 


43* 


(36)* 
























50 000 


1«1* 


!63* 


145* 


128* 


112* 


97* 


82* 


70* 


59* 


50* 


43* 


36* 


(30)* 
























100 000 


164* 


145* 


127* 


no* 


94* 


79* 


68* 


56* 


46* 


39* 


(33)* 




























150 OCK) 


153* 


135* 


119* 


101* 


84* 


71* 


59* 


48* 


40* 


(34)* 


(28)* 


— 


— 
























200 000 


146* 


128* 


Ml* 


93* 


77* 


64* 


53* 


44* 


(36)* 


(30)* 




— 


— 
























250 000 


140* 


123* 


104* 


86* 


72* 


59* 


49* 


40* 


(33)* 


(27)* 


' — 


— 


— 






















4 N 


10000 


279 


254 


229 


206 


183 


163 


145 


127 


1)3 


100 


88 


78 


71 
























30 000 


251 


224 


197 


174 


152 


133 


117 


101 


88 


77 


68 


60 


(52) 






















HF 


50 000 


237 


206 


179 


158 


137 


119 


103 


88 


76 


67 


59 


(52) 


(45) 
























100 000 


211* 


182* 


157* 


135* 


117* 


100* 


88* 


83* 


57* 


50* 


(45)* 


— 


— 
























150 000 


196* 


168* 


144* 


124* 


104* 


87* 


75* 


66* 


(56)* 


(48)* 


t 


— 


— 
























200 000 


185* 


157* 


135* 


114* 


95* 


79* 


69* 


59* 


(50)*, 




— 


— 


— 
























250 000 


177* 


156* 


127* 


106* 


88* 


75* 


64* 


55* 


(46)* 


— 


— 


— 


— 






















5 N 


10000 
















298 


273 


247 


220 


196 


171 


147 


125 


102 


82 


64 












N + T 


30 000 
















273 


244 


216 


187 


150 


134 


113 


93 


76 


61 


49 












a+ T 


50 000 
100 000 

istfooo 

200 000 
250 000 
















260* 
239* 
226* 
217* 
210* 


229* 
208* 
197* 
188* 
180* 


208* 
178* 
168* 
159* 
151* 


172 

140* 

139* 

130* 

124* 


144 

123* 

114* 

105* 

100* 


119 

101 
91* 
84* 
68* 


99 

81 

74* 

69* 

65* 


80 

66 

60* 

55* 

52* 


66 
53* 
48* 
45* 

(42)* 


53 

(42)* 
(39)* 
(36)* 

(33)* 


(42)* 
(34)* 












8 N + T 




















lack of data 




























9 N + T 


10 000 






















304 


273 


239 


209 


179 


154 


129 


109 


91 


76 


64 


53 44 




a+ T 


30 000 






















267 


233 


200 


169 


140 


116 


96 


79 


66 


54 


44 


36 (29) 






50 000 






















239 


207 


177 


149 


124 


101 


82 


68 


55 


45 


— 


— — 






100 000 






















210 


177 


146 


121 


99 


81 


67 


54 


43 


35 


— 


— — 






150 000 






















194* 


161* 


132* 


108* 


87* 


71 


57 


46 


38 


(31) 


— 


— — 






200 000 






















180* 


148* 


122* 


99* 


79* 


64* 


52* 


42* 


34* 


(28)* 


— 


— — 






250 000 






















170* 


139* 


114* 


91* 


74* 


59* 


48* 


39* 


32* 


(26)* 


— 


— — 
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Table 6 ( continued ) 



Type Hest Time Estimated Avcrate Stress for Rupcnre*), MPat Tcmpermtvre "C 

of Treat- Hours r 



Steel ment 330 390 400 4t0 420 430 440 4S0 44>0 470 480 490 500 510 520 530 540 550 560 570 590 5^0 600 610 620 630 640 650 660 

Symtml 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (U) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) {26) (29) (30) (31) (32) 

610 620 630 640 650 660 

10 N + T 10 000 

0,+ T 30 000 929 268 241 219 198 l79 164 148 134 121 108 95 78 

50 000 261 232 209 187 168 152 135 121 107 93 80 67 (50) 

100 000 243 2!7 193 172 153 136 121 107 92 78 66 — — 

150 000 218 191 170 150 131 116 100 85 72 59 (46)* — — 

200 000 205 )79 156 136 119 10l» 85* 70* 57* (45)* (3b)* — — 

250 000 194* 169* 146* 127* 109* .91* 76* 61* (48)» (37)* (28)* — — 

185* 160* 138* 119* 101* 83* 68* 54* (42)* (32)* — — _ 

11 A lOOfK) 251* 236* 221* 206 191 177 162 147 133 121 108 96 85 76 68 61 
N + T 30 000 226* 211 196* 181 168 153 139 126 113 101 89 78 7o 61 54 48 

50 000 211* 197* 183* 170* 150* 142* 128* 116* 104 92 81 71 52 54 47 42 

100 000 196* 182* 168* 154* 141* 127* US* 102* 93* 78* 69* 59 51 44 (38)* (34)* 

150000 193* 177* 161* 145* . 129* 116* 103* 91* 79* 71* 62* 54* 46* 40* (35)* (SO)* 

200 000 186* 170* 154* 138* 123* UO* 97* 85* 75* 66* 58* 50* 43* (37)* (32)* (28)* 

250 000 181* 165* 149* 132* 118* 105* 93* 81* 72* 63* 54* 47* 40* (35)* (30)*' (26)* 

N + T 10 000 309* 285* 263* 240 219 196 176 155 137 122 108 96 85 76 68 61 

30 000 276* 254* 233* 213 192 172 152 134 118 103 9o 79 70 61 54 48 

50 000 257* 236* 217* 197* 177* 158* 139* 123* 107* 93 80 71 62 54 47 42 

Q+T 100000 22l» 204* 186* 170* 153* 137* 122* l07* 93 79 69 59 51 44 (38) (34)* 

150 000 209* 192* 175* 158* 141* 126* 1 10* 95* 82* 73* 63* 54* 47 40 (33) (30)* 

200 000 203* 186* 169* 152* 155* 119* 103* 89* 77* 68* 58* 50* 43 (37)* (32)* (28)* 

250 000 198* 181* 164* 147* 130* 113* 98* 84* 74* 64* 55* 47* 41* (35)* (30)* (26)* 

12 A 10 000 181 161 142 127 112 99 86 76 67 58 50 (44)* (38) 33 28 25 

30 000 159* 137* 121* 104* 90* 79* W* 60* 52* 45* 38* 33* 28* 25* 22* 19* 

50 000 147* 127* 111* 95* 82* 73* 62* 53* 46* 39* 33* 28* 25* 21* 18* (16)* 

100000 131* 113* 96* 83* 72* 62* 53* 45* 38* 32* 27* 25* 20* (17)* (14)* (II)* 

150000 123* 105* 90* 76* 65* 56* 47* 40* 33* 28* 24* 21* (17)* (15)* (13)* — 

200000 116* 99* 84* 72* 61* 52* 44* 37* 31* 25* 22* 19* (l6)* (14)* — — 

250000 111* 95* 80* 68» 58* 49* 41* 34* 28* 25* 21* (17)* (15)* — _ _ 

10 000 224 199 177 157 138 121 104 91 79 69 60 51 44 38 33 28 25 

30 000 197* 174* 142* 133 116 100 85 74 63 54 46 39 34 29* 26* 22* (18)* 

50 000 185* 162* 141* 123* 106* 90* 77* 67* 57» 47* 41* 35* 29* 25* 19* (18)» (16)* 

100 000 167* 144* 124* 106* 91* 78* 66* 57* 47* 40* 34* 28* 24* 21 (17)* (15)* (12)* 

'50 000 156* 136* 117* 100* 85* 74* C2* 52* 43* 36* 30* 30* 25* 22* (18)* (16)* (13) 

200 000 150* 129* 111* 94* 80* 69* 57* 48* 40* 33* 27* 24* 20* (17)* (14)* — — 

250 000 145* 125* 106* 90* 76* 65* 54* «• 37* 31* 26* 22* 19* (16)* (13) — — 

17 and 10 000 

13 \00 000 

13 



370 


452 


434 


412 


388 


361 


331 


296 


262 


235 


210 


185 


163 


141 


944 


374 


352 


328 


303 


271 


248 


219 


187 


159 


134 


112 


94 


75 
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Table 6 ( coniinutd ) 



Type H«at 
off Tremt- 

St*«l meat 

8ymbolt> 



(I) 
13 



16 
19 



20 
21 

22 



24 
31 



(2) 
Q+T 



14 0,+ T 

15 0,+ T 



CL+T 
A 
Q.+ T 

Q+ T 

Q.+ T 

Q+T 



a+T, 

CL+T, 
Q.+ T 

Hot Cold 

Worked 
S + P 

S+ P 



Time 
Ho«r« 



(3) 

10 000 

100 000 

10 000 
100 000 

10 000 
100 000 



10000 
100 000 
10 000 

100 000 

10000 

10 000 

10 000 
100 ooo 

10 000 

100 000 

10 000 

10 000 
100 000 
10 000 

iOOOO 



Eatimated Avermf « Creep Strcaa in t <; 
Elon^tlon at * Temperature ''G 



450 



355 
288 



500 

(5) 



230 
170 



550 

(6) 



140 
74 



lack of data 



436 
373 



123 — 

78 - 

150*> 90'> 

80«) 50*» 

137 38 



289 
221 



165 
108 



347 245 



579 44! 



600 

(7) 



137 



164 
324 



650 

(8) 



29 

25 

40«) 

25«) 

39 



79 
44 



109 
196 



700 

(9) 



750 
(10) 



450 

(ID 

478 
347 

405 
323 

494 
371 



MPa for Raptore at a Temperatwe "C 

500 

(12) 



247 
136 



282 
185 



286 
170 



392 



550 

(13) 
90 



163 
93 



127 



274 



600 
(14) 



650 

(15) 



700 
(16) 





191 


— 


69 




123 


— 


47 




200*) 


130'> 


60*) 




t20*> 


75«) 


45»> 




206 


98 


44 




270 


200 


92 




347 


157 


96 




215 


102 


57 


480 


338 


211 


103 


432 


275 


137 


59 



157 



460 


373 


226 


127 


68 


392 


284 


137 


68 


29 






191 


135 


100 



750 

(17) 



363 



216 



127 
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Steel 


Hemt Time 
Tremt- Hoon 

ment 
Symbol') 


(I) 
25 


(2) 
Q. 


(3) 
10 000 
30 000 
50 000 
100 000 
150 000 
200 000 
250 000 


26 


a 




27 


a 


10 000 
30 000 
50 000 
100 000 
150 000 
200 000 
250 000 


28 


a 




29 


Q 


10000 
30 000 
50 000 
100 000 
150 000 
200 000 
250 000 




a2 


10 000 
30 000 
50 000 
100 000 
150 000 
200 000 
250 000 


30 


Q. 


10 000 

30 000 
50 000 
100 000 
150 000 
200 000 
250 000 



Eatlmatcd Average Stress for Rupture'), MPa, Temperature "C 



6t0 ti20 630 640 650 660 670 680 690 700 710 720 730 740 750 



(4)(5)(6)(7)(8)(9)(10)(il){t2)(l3)(l4)(15H16)(l7)(18){l9)^20) (21) (22) 



1)^20) 


(21) 


(22) (23) 


(24) 


(25) 


(26) 


(27) 


(28) 


(29) 


(30) (31) 


(32) 


(33) 


(34) 


(35) 


(36) (37) 


(38) (39) 


(40) 


(41) 




176 


161 152 


142 


131 


122 


113 


104 


95 


87 79 


73 


67 


61 


55 


48 










147* 


135* 126* 


115* 


105* 


96* 


88* 


80* 


74* 


67* 61 


55 


50 


44 


(40)* 


-.35)* 










134* 


123* 113* 


103* 


94* 


85* 


70* 


72* 


65* 


58* 52* 


47* 


41* 


(36)* 


(82)* 


(27)* 










115* 


105* 98* 


89* 


81* 


74* 


68* 


61* 


55* 


50* 45* 


(40)* 


(35)* 


(30)* 


(26)* 


(23)* 










108* 


99* 89* 


81* 


74* 


67* 


60* 


54* 


49* 


43* (39)* 


(34)* 


' (30)* 


(36)* 


(23)* 


(20)* 










102* 


93* 84* 


76* 


69* 


62* 


56* 


50* 


45* 


(40)* (35)* 


(31)" 


• (27)* 


(24)* 


(21;* 


- 










97* 


88* 79* 


73* 


66* 


59* 


58* 


47* 


42* 


(37)* (33)* 


(29)« 


'■ (25)* 


{22;* 


- 


- 










Uck 


of data 


































260 


245 228 


211 


195 


179 


164 


149 


136 


123 111 


99 


89 


80 


74 


65 59 


53 48 


44 


39 




243 


224* 204* 


187* 


171* 


155 


139 


125 


112 


100 89 


79 


72 


64 


57 


51* 46 


41 37* 


33* 


30* 




226* 


208* 192* 


175* 


158* 


142 


128 


115 


103 


91 80 


72 


63 


56* 


50 


45* 40* 


36* 32* 


29* 


(26)' 




196* 


180* IGO* 


147* 


132* 


118* 


106* 


96* 


86* 


76* 69* 


60* 


53* 


46* 


41* 


37* 33* 


30* 27* 


(25;* 


(23)' 




187* 


171* 152* 


139* 


124* 


110* 


97* 


86* 


76* 


68* 60* 


53* 


47* 


41* 


36* 


32* 28* 


(25)* (24)* 


(21)* 


_ 




181* 


165* 146* 


133* 


116* 


103* 


91* 


80* 


71* 


63* 56* 


49* 


43* 


38* 


33* 


29* (26)* 


(24)* (22)* 


(20)* 


— 




176* 


159* I40* 


127* 


110* 


97* 


86* 


76* 


67* 


59* 52* 


46* 


40* 


35* 


31* 


28* (25)* 


(23)* (21)* 


(19)* 


_ 




lack of data 




































197 


182 


170 


157 


145 


134 


124 


114 104 


95 


86 


77 


(70)* 


(63) 












167* 


154 


142 


130 


120 


109 


99 


90 82 


75 


(67)* 


(60,* 


(53)* 


(47)* 












154* 


142* 


130* 


120* 


110* 


100* 


91* 


82* 75* 


(67)* 


(60)* 


(54)* 


(47)* 


(42)* 












137* 


126* 


116* 


106* 


97* 


88* 


78* 


71* (64)* 


' (57)* 


(50)* 


(44)* 


(39)* 


(34)* 












130* 


119* 


109* 


99* 


89* 


80* 


73* 


(65)* (57)* 


' (50)* 


(44)* 


(38>* 


(33)* 


_ 












125* 


113* 


103* 


93* 


84* 


76* 


(68)* 


■ (60)* (53)* 


• (46)* 


(40)* 


(35)* 


(3U)* 


— 












120* 


109* 


99* 


89* 


80* 


72* 


(64)* 


(57)* (50)* 


' (43)* 


■ (37)* 


(32)* 


- 


- 












185 


170 


156 


142 


130 


120 


110 


101 92 


82 


74 


65 


(57;* 


(48)* 












154* 


141 


128 


118 


107 


98 


88 


79 71 


61 


(53)* 


(46) 


(40)* 


(34)* 












139* 


127* 


117* 


107* 


97* 


87* 


77* 


69* 60* 


(52)* 


(44)* 


(37)* 


(37)* 


(27)* 












123* 


112* 


102* 


92* 


8i* 


74* 


64* 


(55)* (47)* 


(40 1* 


(36)* 


(31)* 


(27)* 


(23)* 












112* 


102* 


93* 


83* 


73* 


64* 


55* 


(47)* (41)* 


(35)* 


(30)* 


— 


— 


- 












106* 


96* 


86* 


76* 


67* 


58* 


(50)* 


(43)* (37)* 


(32)* 


(27)* 


— 


— 


— 












101* 


92* 


81* 


72* 


62* 


(54)* 


(46)* 


(40)* (34)* 


(29)* 


— 


- 


- 


- 








243 


228 


215 200 


186 


173 


159 


146 


134 


124 


114 104 


95 


86 


77 


69 


61 54 


46 






210* 


190 


184 172 


159 


146 


133 


123 


112 


102 


92 83 


74 


66 


58 


51 


44 38 


(33) 






198* 


185* 


172* 159* 


146 


133 


123 


III 


101 


91 


82 74 


66 


58 


5t 


44 


39 (33)* (28) 






181* 


168* 


154* 142* 


129* 


118 


106 


96 


86 


77 


69 61 


53 


46 


40' 


* 35' 


► (30)* (25)* (22)* 






171* 


158* 


145* 132* 


121* 


109* 


98* 


' 88* 


79* 


76* 


63* 55* 


' 48* 


' 42^ 


■ 36 


♦ (32: 


1* (28)* (24)* — 






160* 


151* 


138* 127* 


114* 


103* 


93* 


03* 


75* 


66* 


58* 5f 


4t* 


38* 


(33)* (29 


)• (25)* (22)* — 






159* 


146* 


133* 122* 


110* 


99* 


88* 


79* 


71* 


63* 


55* 48* 


4t 


36* 


(3i; 


)♦ (27) 


* (25;* - 


_ 







1) A * annealed, N » normaliied, Q, — quenched, S » lolution treated, P ■> precipitation treated, T -• tempered. 

» Mean valuei of a large scatter band. 

» Values given in parenthewi and marked with an aaterisk were obtained by either 'extended time' or 'extended stress' extrapolation and are subject to greater uncertainty. 

4) In case of austenitic steels, no diflerentiation has been made between boron containing and boron-free casts. 
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